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Abstract:The current rapid development of urbanization in China has directly and seriously affected farmlands
distribution in its para-urbanized neighboring /adjacent regions，and also posed severe stresses on safety of these land． It
is，therefore，essential to build up a comprehensive urbanization and farmland safety assessment indicator system，work
out quantitatively urbanization index and farmland safety stress index，and analyze quantitatively neighboring coupling rela-
tions between urbanization and arable land safety based on the decoupling theory and method． A case study was conducted
of Lianyungang City of Jiangsu Province to explore quantitatively coupling-decoupling relationship between urbanization and
farmland safety and response of farmland safety to the progress of urbanization during the period from 2000 to 2014． Ｒesults
show that during the study period，urbanization index of Lianyungang City increased steadily，while farmland safety stress
index fluctuated with a declining trend． Their relationship displayed a wavy trend from 2000 to 2007，i． e． strong decou-
pling-weak decoupling-expanding negative decoupling-expanding connection and a strong fluctuation curve from 2008 to
2014，including strong decoupling during 2008－2012 and expanding negative decoupling in 2013，which reflects strong
impacts of the implementation of the regional development，land use and city overall programs on this typical neighboring /
adjacent coupling system． During the study period，Lianyungang City made a huge and steady progress in urbanization，
while reducing fluctuation of its stress on farmland safety． Though the two posed a strong decoupling relationship，the prob-
lem of uncertainty reflected in the huge fluctuation of the result of the neighboring /adjacent decoupling calls for high atten-
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tion，and the influence urbanization had on farmland safety needs to be weighed prudently． Compared to the macroscopic
single indicator models used in the past，the multi-index decoupling-coupling model built for the neighboring coupling rela-
tionship is more comprehensive and capable of analyzing the complex relationship between rapid urbanization and
protection of farmland safety in a more holistic and finer way． Furthermore，it may provide theoretical support to landscape
safety assessment of para-urbanizd regions and to decision-making on harmonized development of both urbanization and
protection of farmland．













































Fig. 1 The decoupling-coupling model for















为 1 965. 89 亿元，户籍总人口 526. 51 万，其中市区
人口 219. 07万;城市化率由 2000年的 28. 02%上升
至 2014年的 57. 13%;城市建成区面积由 2000年的
51. 4 km2 上升到 2014年的 275. 0 km2;全市人均耕
地面积由 2000 年的 0. 828 hm2 下降到 0. 767 hm2，
低于全国平均水平 1. 02 hm2。研究涉及数据主要
来源于 2000—2014 年《连云港市统计年鉴》以及



















Table 1 The comprehensive urbanization level evaluation
index system
目标层 指标层 单位 权重 指标效应
城市化指数 城市建设用地面积 km2 0. 519 正
城镇人口占总人口比例 % 0. 253 正








Table 2 The comprehensive farmland safety evaluation in-
dex system
目标层 指标层 单位 权重
指标
效应
耕地安全胁迫指数单位面积化肥使用量 t·km－2 0. 123 正
单位面积农药使用量 t·km－2 0. 129 正
单位面积地膜使用量 t·km－2 0. 127 正
耕地面积 km2 0. 085 负
粮食单产 kg·hm－2 0. 536 负
2. 1. 2 指标标准化
首先对数据进行无量纲化处理，使各数据标准











式(1)～(2)中，Xij为指标的标准化值。当 Yij = 1 时，
指标代表项达最佳状态;相反，当 Yij = 0 时，达最差
状态。









第 j项指标的熵值 ej 计算公式为
ej = － k∑
m
i = 1
(Yij × ln Yij)。 (3)
式(3)中，k = 1 / ln m，k ＞ 0;0≤ ej≤ 1。如果 Yij为
0，则用 0. 000 01 代替计算。
第 j项指标的权重 Wj 计算公式为




式(4)中，dj 为指标 Xj的差异系数，其值等于 1－ej。
在确定指标权重的基础上，可计算单指标评价
得分(Sij)及综合评价指数(ESI，IES) ，公式分别为
















测度方法来看，主要有 IPAT 模型法［24］、Tapio 弹性
系数法［26］和脱钩指数法［27］等。其中 Tapio 弹性系
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Fig. 2 Model for decoupling analysis of




IALS，n － IALS，n－1 / IALS，n－1
(IU，n － IU，n－1)/ IU，n－1
。 (5)
式(5)中，n为年份;In 为第 n年的脱钩指数;IALS，n和
IALS，n－1分别为第 n年和第 n－1 年的耕地安全胁迫指

























2000 0. 000 0. 830
2001 0. 029 0. 656
2002 0. 090 2. 086 0. 639 －0. 025 －0. 012 强脱钩
2003 0. 140 0. 560 0. 756 0. 183 0. 327 弱脱钩
2004 0. 195 0. 395 0. 492 －0. 350 －0. 886 强脱钩
2005 0. 259 0. 327 0. 697 0. 416 1. 271 扩张负脱钩
2006 0. 316 0. 221 0. 427 －0. 387 －1. 750 强脱钩
2007 0. 352 0. 114 0. 467 0. 095 0. 837 扩张连接
2008 0. 390 0. 110 0. 362 －0. 227 －2. 064 强脱钩
2009 0. 644 0. 651 0. 307 －0. 152 －0. 233 强脱钩
2010 0. 787 0. 222 0. 289 －0. 057 －0. 256 强脱钩
2011 0. 842 0. 070 0. 178 －0. 386 －5. 500 强脱钩
2012 0. 889 0. 055 0. 119 －0. 328 －5. 952 强脱钩
2013 0. 953 0. 073 0. 151 0. 266 3. 665 扩张负脱钩














比例与城镇人口比例比 2000 年分别增长 75. 10%、
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Fig. 3 Variation of the urbanization index and farmland
safety stress index of Lianyungang City 2000－2014
图 4 2002—2014年连云港城市化水平与
耕地安全水平脱钩弹性变化
Fig. 4 Variation of the decoupling elasticity of the
relationship between urbanization level and farmland
safety level of Lianyungang City 2000－2014
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